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Summary The hygiene hypothesis is a popular explanation for recent increases in
allergy in the western world. This hypothesis suggests that development of allergy
(or asthma) could be prevented by exposure to immune stimulants such as viruses,
bacteria and endotoxins, in particular in the prenatal period or early childhood. How
evidence-based are the observations which support the hygiene hypothesis? All clini-
cal epidemiological indications in favour of the hypothesis are based on observational
(cross-sectional and cohort) studies and not on observations in randomised controlled
intervention studies. In cross-sectional studies no causal relationships can be assessed
with sufficient validity. Also in cohort studies there are validity problems, as the expo-
sure is not determined by chance (by means of randomisation) and could be influenced
by behaviour. And behaviour might well be a confounder, since it can be associated
with both exposure and outcome. A problem is that, without being appropriately
tested in well designed prospective research, the hygiene hypothesis has currently
already become so popular in the news media that an increased occurrence of asthma
might even be induced as a result of an increased exposure. Although the currently
available evidence to support the hygiene hypothesis is poor, it appears that the hy-
pothesis has to some become a matter of faith or ideology. Scientists should take
care that messages imparted to the general public do not go beyond or conflict with
existing evidence.
© 2004 General Practice Airways Group. Published by Elsevier Ltd. All rights reserved.

General practitioners and other health care
providers are in receipt of conflicting information
on the pathopysiology of allergy (and asthma), es-
pecially in relation to the hygiene hypothesis. It
is difficult for these health care professionals to
translate this information into practical advice for
their patients who want to know how to avoid the
development of these diseases in their children.1
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1 Part of this contribution has also been published in [8].

Before Strachan proposed the so called hygiene
hypothesis in 1989 [1], conceptual thinking of the
possibility of the prevention of the development of
asthma in infancy was relatively simple: a suscepti-
ble genetic background with specific environmental
stimuli will lead to the development of asthma in
children. So, when environmental stimuli are suf-
ficiently reduced in these susceptible genotypes,
a protection against the development of asthma
would be the result.
However, after the hygiene hypothesis had been

formulated, life is not that simple any more. This
hypothesis postulates a protective effect of specific
environmental or infection factors. The hygiene
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What evidence do we have for the hygiene
hypothesis?
Several research reports suggest that:

• infections due to a sibling effect (more
brothers or sisters) protect against asthma
[4];

• infections due to day care protect
against allergy and asthma [5];

• microbial products due to farming protect
against allergy and asthma [6];

• inhalant allergens due to cats and dogs
protect against allergy [7];

• breast feeding induces allergy and asthma
[2].

hypothesis suggests that development of allergy (or
asthma) can be prevented by a shift from T-helper
cell 2 (Th-2) dominance to Th-1 dominance, in-
duced by exposure to immune stimulants such as
viruses, bacteria and endotoxins, in particular in
the prenatal period or early childhood. It is in-
teresting that the hygiene hypothesis is more and
more accepted as explanation for the increase in
allergy and asthma in the western world in the last
decade [2,3].
What actual evidence do we have for the hygiene

hypothesis? Several studies are frequently cited to
support it ([2,4—7] see Box).
Is the literature indeed consistent that these

stimuli are likely to reduce the development of
asthma? Given the possibly huge practical implica-
tions of the hygiene hypothesis, we have to criti-
cally consider the state of the current evidence.
Could there be other explanations for these obser-
vations which support the hygiene hypothesis? At
this point, it is important to recognise that all in-
dications in favour of the hypothesis are based on
observational (cross-sectional and cohort) studies
and not on observations in randomised controlled
intervention studies [8]. The general problem
with cross-sectional studies is that no causal rela-
tionships can be assessed with sufficient validity.
There are also validity problems with cohort stud-
ies, as the exposure is not determined by chance
(by means of randomisation) and could be influ-
enced by behaviour. And behaviour might well be
a confounder, since it can be associated with both
exposure and outcome. For instance, could the
behaviour of parents confound the sibling and day
care attendance effect? If the first two children in
a family have asthma-related morbidity, the par-
ents may not be encouraged to have more children
if they fear that these might also be asthmatic, or

if they feel already too heavily burdened by having
two asthmatic children. This might suggest a neg-
ative association between family size and occur-
rence of astma in children. Also, a child susceptible
for respiratory morbidity might result in parents
being somewhat reluctant to put a child into day
care when compared to those with non-susceptible
child. In particular, parents with asthma might be
afraid that their child would be exposed to infec-
tions, as they are likely to have experienced the
effects that these infections can have on their
own health. Until recently these asthmatic parents
were also advised by their GP or asthma nurse to
avoid this exposure as much as possible.
Could a healthy worker effect play a confounding

role in the negative association between exposure
to microbial products due to farming and the oc-
currence of asthma? Indeed, Vogelzang et al. [9]
observed that allergic adolescents are less likely
to choose a farming profession than non-allergic
adolescents. Might allergic parents and parents of
children with respiratory symptoms be more likely
to decide not to have a cat or dog in their house-
holds than other parents? Allergic parents may have
experienced what effects these pets have on their
own health, and parents of susceptible children
can take the precaution of avoiding pets. Indeed
behaviour of parents is likely to play an important
role in the exposure of high-risk children to aller-
gens. In the PIAMA study, a RCT investigating the
efficacy of allergen reducing exposure, the aller-
gen load before the intervention measures was so
low that according to the authors this is likely to be
caused by increased public awareness of the poten-
tial adverse effect of allergen exposure in particu-
lar among atopic families [10]. Moreover, in a large
study of more than 14.000 families it was concluded
that pet-keeping seemed to be protective for the
development of allergy, but this was mainly due to
the fact that parents avoided exposing their child
to pets as they believed that this is a risk factor for
allergens [11]. And finally, could allergic mothers
more likely decide to breast-fed than non-allergic
mothers? They could indeed, if they are informed
that this would be better for their children, so that
being exposed to non-breastfeeding may seem to
be correlated with better outcomes. And we know
that these parents were often given advice of this
sort until very recently. So, in all these cases of an
observed negative relation between the exposure
and the occurrence of allergy and asthma could
be an effect of susceptibility eventually influenc-
ing exposure, instead of exposure reducing asthma
occurrence.
In each of the quoted studies [2,4—7] attempts

were made to control for confounding behaviour in
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multivariable analyses, but one has to consider that
correction for confounding cannot always exclude
confounding, since, for example, unknown selec-
tion phenomena and/or inappropriately measured
confounding factors cannot be adjusted for post
hoc.
There is nothing wrong with proposing a hypoth-

esis and investigating it. On the contrary, that is
what science is all about. But the problem is that,
without being appropriately tested in well designed
prospective research, the hygiene hypothesis has
currently already become so popular in the news
media that an increased reporting and diagnosis
of asthma might even be induced as a result of an
increased exposure. First, proper randomised con-
trolled trials should be performed in which not be-
haviour but chance (i.e. randomisation) determines
differences in exposure to environmental stimuli.
Of course, controlled trials randomising day care
attendance, family size, or farming profession are
not very realistic to perform, but it is possible to
randomise interventions to reduce infections or
exposure to inhalant or feeding allergens. As to the
effect of exposure on the development of asthma
in infancy, the proof of the pudding will lie in con-
trolled trials with randomised reduction of allergen
exposure in birth cohorts. There are many ongoing
randomised clinical trials but only a few of these
with sufficient follow-up have thus far been pub-
lished: the Isle of Wight study [12], a Canadian mul-
tifaceted intervention program in high-risk infants
[13] and the NAC-MAAS study [14]. These three
studies all investigated high-risk children (accord-
ing to parental atopic status) and allocated them
randomly to environmental manipulation in which
several combined measures to reduce prenatal and
postnatal allergen exposure were undertaken. They
have shown that the reduction in allergen exposure
reduces the development of allergy and/or asthma,
and do not yield any evidence to support the
hygiene hypothesis. As the currently available
evidence to support the hygiene hypothesis is poor
indeed, the hypothesis sometimes seems to have
become faith or ideology. Scientists should take
care that their messages to the general public would
not go beyond or even be in conflict with present ev-
idence. One should not suggest, for example, that
eating dirt or to refuse participation in vaccination
programs to prevent infectious disease would be
good for children, which might be seen as ultimate
consequence of the hygiene hypothesis [15]. Such
advice would obviously be dangerous and can result
in opposite effects. Clearly, those who consider the
hypothesis as promising and to be of possible added
value for practice, have the responsibility to pro-
vide valid evidence to support or reject it, before

any advice should go to the public. Moreover, these
scientists should take care that their messages are
really evidence-based before they are translated
to the daily care provided by general practitioners
and other health care professionals.
At the same time, a more general reappraisal is

necessary. While the hygiene hypothesis tries to
cover a broad range of heterogeneous infectious
and allergenic exposures, mechanisms and effects,
if present, might vary across these. Specific mech-
anisms and effects, within the context of the com-
plex relations between the various exposures and
clinical outcomes, should be demonstrated and
clarified before accepting new comprehensive the-
ories. Accordingly, at this stage, investigations are
needed focusing on specific, well targeted research
questions, instead of using the very general and al-
most ideological term ’hygiene hypothesis’, which
seems too non-specific for scientific purposes.
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